A loss minimization strategy for PMSMs is proposed in this paper, which is based on direct torque control (DTC) loss model.The problem of large torque and flux ripple in traditional direct torque control is improved by space vector pulse width modulation (SVPWM) technology.Through the analysis of the relationship among motor loss ,current and stator flux linkage, a mathematical model of motor loss is established to obtain the optimal direct-axis current and stator flux linkage. For different motor operating conditions, the stator flux linkage is adjusted online to meet the maximum efficiency of the motor.The simulation results verify that the proposed method reduces the torque and stator flux linkage ripple and improve the efficiency of PMSM system under light load and wide range speed.The efficiency of PMSM motor system is increased from 0.90 to 0.95.
Nomenclature

Introduction
Permanent magnet synchronous motors are widely used in machine tool servo systems, medical instruments, electric vehicles, compressors, packaging machinery, aerospace and other various process control systems because of their excellent performance. In order to meet the long-term endurance of the application system, it is of great significance to study the efficiency of the motor system.The material of the permanent magnet synchronous motor rotor is a rare earth permanent magnet material, and the magnetic field of the permanent magnet replaces the excitation current magnetic field of the asynchronous motor, eliminating the reactive current of the stator. It is not necessary to design another excitation control circuit, the copper loss in the motor winding is reduced, and the motor efficiency is also significantly improved.At present, there are two types of motor efficiency optimization methods: efficiency optimization based on loss model and efficiency optimization based on online search.Since the efficiency optimization based on online search requires a lot of time to search for the best result and can not meet the requirements of motor operation, this paper chooses the efficiency optimization strategy based on the motor loss model to improve the efficiency.On the other hand, space voltage vector based DTC systems are employed to reduce system ripple.
The purpose of this paper is to propose a control strategy based on the motor loss model to achieve the maximum efficiency of the motor under different
Motor Loss Model
The drive system loss of a permanent magnet synchronous motor consists of two parts: the motor body loss and the controller loss.Since the controller loss is mainly caused by the loss of the power electronics switch, it has nothing to do with the motor body.The motor loss is mainly composed of iron loss, copper loss, stray loss and mechanical loss.The mechanical loss and the stray loss are complicated and difficult to control accurately. Therefore, copper loss and iron loss are mainly studied here [4] . Fig. 1 and Fig.2 are the direct-axis equivalent circuit and the quadrature-axis equivalent circuit of the permanent magnet synchronous motor obtained by the equivalent circuit idea. (2)and (3) can be obtained.
The KCL equations are listed for points A and B in Fig.  1 and Fig. 2 , respectively.We can get
The KVL equations are listed for the loop column in Fig. 1and Fig.2 , the expression at steady state can be obtained.
According to the equation (5)- (8) 
The total loss of a permanent magnet synchronous motor is expressed as 
Minimum Loss Implementation
In order to make the motor run at the highest efficiency under different working conditions,We should get the optimal d-axis current and the optimal stator flux linkage reference through the loss model of the motor.
According to equation (12),when the system is in a steady state, the total loss , when the loss is the least as equation (13) shown.
Substituting equations (11) and (13) into equations (1) and (2) respectively. 
SIMULATION FOR SVPWM-DTC SYSTEM BASED ON LOSS MODEL
The control system block diagram of SVPWM-DTC based on loss model is shown in Fig.3 .The control system mainly includes a minimum loss flux linkage given module, a rotational speed torque adjustment module, a torque flux linkage calculation module, a position detection feedback module, a reference voltage vector calculation module, a Clark and a Park coordinate system transformation module.
The main parameters of PMSM in simulation are shown in Table 1 . In order to validate the proposed algorithm efficiency improvement，the simulation system of SVPWM-DTC based on loss model control system is built in Matlab simulation.The parameters of PMSM in simulation are shown in table 1. During the simulation, the initial speed is 600r/min, the initial load torque is 0 Nm , the speed is increased to 1000r/min at 0.15s, and the load torque is increased to 2 Nm at 0.3s.As is shown in Figure   4 (a), The transient response of the traditional DTC was approximately 25 milliseconds but the speed has pulsation. As shown in Figure 5 (a), the speed ripples were reduced significantly and the speed curve is smooth. The load torque changed from 0 Nmto 2 Nm at 0.3s. The response to the change was inconspicuous. This shows that the PMSM runs with constant speed regardless of the change in the load torque.
By comparing the torque response curves of Figure  4 (b) and Figure 5(b) , the DTC control torque ripple is large, the motor running stability is poor, and the motor running loss is increased. However, the torque ripple of the SVPWM-DTC control system based on the loss model is significantly improved,which improves the operating efficiency of the motor.
As is shown in Figure 4 (c) ,when the operating condition of the motor changes, the reference flux linkage remains unchanged, so that the motor will not always operate under high efficiency conditions and the actual flux linkage has a larger pulsation. For further improvement of the model SVPWM-DTC based on loss model technique was applied in Figure 5 (c).The flux reference was calculated by minimum loss flux linkage given module. When the operating conditions of the motor change, the reference flux linkage will be adjusted online to meet the high efficiency of the motor. The actual flux linkage can quickly track the reference flux Paper ID: ICEEE2018-99
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CONCLUSIONS
This paper presents the SVPWM-DTC control system based on the motor loss model. The mathematical model of motor loss is established to obtain the optimal direct-axis current and stator flux linkage. According to the results of the simulation, the proposed model performed better than the conventional one.The main differences from the conventional model were: the efficiency is increased from 0.90 to 0.95. Moreover, The method proposed in this paper reduces the torque and stator flux linkage ripple, and improves the dynamic and steady state performance of the motor system.
